• Zebrafish larvae generate swims of increased speed during optomotor response when D1-like receptors are activated.
Introduction
Survival for most animals depends on their ability to adapt speed, gait and direction of movement quickly in response to sensory stimuli. In vertebrates, these processes are controlled by the concerted activity of distributed circuits in the brain and the spinal cord. In particular, the regulation of speed by spinal locomotor circuits has received much attention recently. The ability to genetically label specific neuronal populations and to target them for imaging or electrophysiology has allowed us to identify recruitment patterns of interneurons and motor neurons at different speeds. Studies in mice and zebrafish have identified subtypes of spinal interneurons and motor neurons that are selectively recruited at different speeds of locomotion [1] [2] [3] [4] [5] [6] [7] [8] . These interneurons and motor neurons make selective synaptic connections among them and are thought to constitute 'slow' or 'fast' network modules, that are sequentially recruited as the locomotor speed increases [9, 10] .
Thus, behaviors such as escapes, which involve fast swimming, are generated by the fast module, and spontaneous swimming behaviors, occurring at much lower swim frequencies are controlled by the slow module [11] .
Although this modular view of spinal network operation is widely acknowledged [12, 13] , we also know that the spinal network is the target of a variety of neuromodulators [14] [15] [16] [17] . Neuromodulators have been shown to fuse independent circuits and to construct 'de novo' circuits from cells belonging to disparate circuits [18, 19] . We wished to understand if swim speed regulation in zebrafish larvae is subject to neuromodulation and if yes, whether the rules for modular recruitment are altered by neuromodulators.
Dopamine has long been known to be a key neuromodulator of motor circuits [17, 20] and is critical for activation, maturation and modulation of locomotor patterns across invertebrates and vertebrates [21] [22] [23] [24] [25] [26] . In zebrafish, dopaminergic input from the diencephalon to the spinal cord develops early [27] and is known to regulate developmental maturation of swim motor patterns [24] . Nevertheless, the role of spinal dopamine in regulating speed of locomotion has thus far not been investigated in any vertebrate.
We chose to study speed regulation and its dopaminergic modulation, during the optomotor response (OMR), an innate behaviour evoked by whole-field visual motion, to which zebrafish larvae respond by turning towards and moving in the direction of perceived motion. By adjusting their locomotor speed to match the speed of the perceived motion, larvae try to maintain a stable position with respect to their surroundings [28, 29] . However, the spinal mechanisms by which speed is controlled during OMR have thus far not been investigated.
We used a combination of behavioral monitoring in free-swimming larvae, kinematic characterization in head-restrained larvae and whole-cell patch clamping in immobilized larvae to ask how speed is controlled during OMR and how it is modulated at the neuronal level. Here, we show that dopamine acting via D1-like receptors (D1-like-R) increases the speed of swimming during OMR by increasing the extent of tail bending. This in turn is caused by two factors: (1) increased firing of action potentials in motor neurons of the slow module, typically recruited during OMR and (2) novel recruitment of motor neurons belonging to the fast module, not typically active during OMR. Thus, dopamine selectively activates and recruits neurons from disparate spinal modules to increase speed. Our results suggest that activity and recruitment pattern of neurons in these circuit modules are not only defined by their cellular properties and synaptic connectivity. Neuromodulatory inputs can dramatically alter the dynamics of these modules by recruiting neurons that would have otherwise not participated under a given context.
Results

D1-like-R activation increases swim speed during OMR.
OMR was evoked in freely swimming zebrafish larvae between 6-7 days post fertilization (dpf) by presenting square-wave gratings moving in a clockwise direction from below ( Figure 1A , Video S1). Zebrafish larvae respond by following the direction of the stimulus and matching their swim speed with that of the moving grating [29] . Larval centroid was tracked to extract kinematic parameters. Zebrafish larvae swim intermittently in a beat-and-glide pattern where brief periods of discrete tail oscillations (bout) are followed by a period of no tail movement [30] . We further segmented tracked data to identify individual swim bouts ( Figure 1B ).
We compared average swim speed (including both bouts and inter-bout quiescent periods) during OMR before and after bath application of 20 µM D1-like-R agonist, SKF-38393. Larvae swam with higher average swim speed post D1-like-R activation ( Figure 1C , D, Video S1). We then asked if D1-like-R activation increases speeds achieved during bouts and compared average bout speed before and after bath application of D1-like-R agonist. Average bout speed increased ( Figure 1E) resulting in greater distance travelled per bout ( Figure 1F ) post application of D1-like-R agonist.
To further confirm that the increase in swim speed is a result of D1-like-R activation and not an artefact of repeated stimulus presentation, we also compared these parameters before and after bath application of 20 µM D1-like-R antagonist, SCH-23390. Average swim speed decreased post application of D1-like-R antagonist ( Figure 1G , H). Consistently, a decrease in average bout speed ( Figure   1I ) and average distance travelled per bout ( Figure 1J ) were observed post application of D1-like-R antagonist.
D1-like-R signaling is associated with increased spontaneous locomotor activity in larval zebrafish [24, 31, 32] . Similar to spontaneous swimming, we find D1like-R signaling to have a stimulatory effect on the motor output during OMR.
Importantly, these results indicate that locomotory speed during an innate and reflexive behavior is subject to neuromodulation via D1-like-R activation.
D1-like-R signaling controls swim speed by modulating tail beat amplitude.
We sought to further understand which kinematic variables are altered by D1-like-R signaling to bring about the increase in bout speed we observe. For characterization of kinematic variables, we evoked OMR in a head-restrained preparation which allows for a more accurate and detailed tracking of tail kinematics.
In response to caudal-to-rostral moving gratings, partially restrained larvae reliably performed forward OMR characterized by mostly symmetrical, alternating left-right tail beats (Figure 2A , Video S2). Tail-tip position was tracked to extract tail beat amplitudes, tail beat frequency and duration of bouts ( Figure 2B ). As DA has been shown to modulate swim initiation in larval zebrafish [33] , we also quantified the number of swim bouts initiated.
Activation of D1-like-R increased mean tail beat amplitude and tail beat frequency of forward swims ( Figure 2C Modulation of tail beat amplitude is a key factor contributing to control of swim speed [34, 35] . Thus, by modulating tail beat amplitude D1-like-R activation results in faster swim bouts during forward OMR.
Activation of D1-like-R results in larger tail bend angle during turns.
Free swimming OMR behavioural assay required larvae to swim both in a straight trajectory as well as make routine turns (Video S1). Since we observed an increase in both average swim speed and average bout speed after D1-like-R activation during free-swimming OMR (Figure 1 ), we surmised that D1-like-R activation will likely affect tail bend kinematics during routine turns also. To investigate the role of D1-like-R signaling in modulation of turning behavior, we presented leftward and rightward moving gratings to head-restrained larvae ( Figure 3A ). Larvae responded to the stimuli with asymmetric tail deflections in the direction of grating movement ( Figure 3A , Video S3). Tail-tip position was tracked and maximum tail bend angle was measured before and after application of 100 µM D1-like-R agonist and antagonist ( Figure 3B ).
Larvae performed turns with larger tail bend angles post application of D1like-R agonist ( Figure 3C , E, Video S3). In contrast, application of the D1-like-R antagonist showed a decrease in the magnitude of the tail bend angle ( Figure 3D , F).
Taken together, these results indicate that D1-like-R activation modulates the extent of tail bends during both forward locomotion and turns resulting in greater displacement.
Activation of D1-like-R intensifies drive from 'slow' motor neurons
D1-like-R mediated increase in swim speed could result from an increase in the firing of active motor neurons and/or by the recruitment of new cells to the active pool [1] .
Zebrafish axial motor neurons can be broadly divided into two classes: primary and secondary [36] . Early born, dorsally located primary motor neurons innervate fast muscle fibres and are active during fast swimming, struggle and escape responses whereas later born, ventral secondary motor neurons are active during slower swimming [1, 37] . Besides anatomical position and axonal innervation pattern, the two classes of motor neurons can also be clearly distinguished based on their cellular properties and response to injected current [38] (Table S1, Figure S1 ). As secondary motor neurons are active during low-frequency swimming such as those observed in OMR , we first asked if they are modulated by D1-like-R. We obtained whole-cell patch clamp recordings from dorsal secondary motor neurons while presenting moving gratings from below to evoke forward OMR ( Figure 4A ). 7/9 recorded dorsal secondary motor neurons fired bursts of action potentials in response to moving grating presentation ( Figure 4B ). An increase in the number of action potentials generated during moving gratings presentation was observed post application of 20 µM D1-like-R agonist ( Figure 4C , G). Interestingly, we also observed motor neurons otherwise quiescent during visual stimulus presentation (2/9), fire action potentials post application of D1-like-R agonist ( Figure 4D , E). D1like-R agonist mediated effects were antagonized in 4/4 secondary motor neurons post subsequent application of D1-like-R antagonist ( Figure 4F , G). Number of action potentials spontaneously generated during stationary grating presentation did not differ significantly before and after application of D1-like-R agonist ( Figure S2A ).
Each motor neuron burst has been shown to correspond to motor bursts in fictive swims and is a measure of swim frequency [2, 38] . Further analysis of bursts showed an increase in average number of spikes per burst without a significant increase in the number of bursts post D1-like-R activation ( Figure 4H , I). Voltage oscillations underlying these bursts reflect synaptic drive to these motor neurons ( Figure 4J ; [38] ). Average frequency of these oscillations did not differ significantly post application of D1-like-R agonist ( Figure 4K ). This suggests that upstream rhythm generating circuits are unlikely to be modulated by D1-like-R signaling.
These results indicate that activation of D1-like-R signaling increases swim speed by enhancing drive from secondary motor neurons. This in turn is mediated by recruitment of quiescent neurons and increased firing per swim cycle of already active neurons. These changes point to D1-like-R mediated increase in the excitability of secondary motor neurons, although an increase in synaptic drive during OMR cannot be ruled out.
D1-like-R activation reduces spike latency and action potential threshold of secondary motor neurons.
To test if D1-like-R signaling directly affects the excitability of secondary motor neurons, or if it engages synaptic drive operating during OMR, we asked if secondary motor neurons show changes in firing behavior in response to direct current injections when D1-like R agonist is applied. We analyzed firing responses of secondary motor neurons to a series of depolarizing current steps (25 pA-400pA, 25 pA step size) before and after application of 20 µM D1-like-R agonist ( Figure 5A ). D1-like-R agonist significantly reduced first spike latency ( Figure 5B , C). The decrease in spike latency was observed for all the current steps and was less pronounced when injected currents were high ( Figure 5D ). D1-like-R activation also reduced the voltage threshold for the first action potential generated (Figure 5 B, E).
We observed no significant effect of D1-like-R activation on rheobase, input resistance and instantaneous firing rate of first two spikes ( Figure 5 F-H). Resting membrane potential, spike afterhyperpolarization (AHP) and spike-width did not change post application of D1-like-R agonist ( Figure S3 ).
These results show that D1-like-R activation increases secondary motoneuronal excitability by reducing spike latency and action potential threshold.
Quiescent primary motor neurons are recruited during OMR by D1-like-R activation.
As primary motor neurons are active only during fast and vigorous swimming [1, 37] , we next examined if D1-like-R signaling can modulate primary motor neuron's excitability as well to bring about faster locomotion. We obtained whole-cell patch clamp recordings from primary motor neurons while presenting drifting gratings from below to evoke OMR ( Figure 6A ). Primary motor neurons usually showed subthreshold responses ( Figure 6C and rostral primary (RoP) based on the rostrocaudal position of their somata. Of the six primary motor neurons that were recruited, 3 were identified as CaP, 2 as RoP and 1 as MiP. In contrast, number of action potentials spontaneously generated during stationary grating presentation did not differ significantly before and after application of D1-like-R agonist ( Figure S2B ). Figure 6I ,J) were found to be similar to swimming frequency at which primary motor neuron have been shown to be recruited [1] . These results show that D1-like-R signaling recruits novel neurons from the 'fast' motor pool to increase the speed of locomotion during OMR.
Frequency of voltage oscillations underlying bursts (
D1-like-R activation increases excitability of primary motor neurons.
Next, we investigated the mechanism by which D1-like-R activation recruits primary motor neurons during OMR. Responses to a series of depolarizing current steps were obtained from primary motor neurons. Bath applications of 20 µM D1-like-R agonist were associated with an increase in the number of evoked action potentials ( Figure 7A ). D1-like-R activation modulated several membrane properties to increase the excitability of primary motor neurons. Spike analysis revealed a decrease in first spike latency ( Figure 7B , C). Significant reduction in spike latencies were observed for all current steps injected ( Figure 7D ). D1-like-R activation also reduced threshold for action potential generation ( Figure 7B , E) and rheobase ( Figure 7F ). However, a decrease in input resistance was observed post applications of D1-like-R agonist ( Figure 7G ). Modulation of these membrane properties significantly increased the instantaneous firing rate of first two spikes ( Figure 7H ), suggesting that with D1-like-R activation, the same synaptic drive to primary motor neurons could still elicit stronger firing. Together, our analysis of secondary and primary motor neuron firing properties in response to grating stimuli and current injections reveal a stimulatory effect of D1-like-R signaling. Activation of D1-like-R increases the number of action potentials fired per burst by decreasing spike latency and spike threshold. The additional spikes fired per burst will act to increase the extent of tail bends, thus increasing the displacement generated in the same amount of time. While not ruling out actions of D1-like-R elsewhere in the motor hierarchy, these effects at the level of motor neurons provide a parsimonious mechanism for the speed regulation observed during OMR.
Discussion
Neuromodulatory selection of novel neurons
Zebrafish larvae generate slow swims when presented with slowly drifting gratings.
During this behavior they activate secondary motor neurons belonging to the 'slow' module, while primary motor neurons belonging to the 'fast' module are quiescent.
However, when D1-like receptors are activated, primary motor neurons are recruited and secondary motor neurons fire more action potentials, resulting in larger tail bends and therefore greater displacement and faster swims. Our results demonstrate that even under conditions where the sensory input is constant, neuromodulators can remap sensorimotor transformations, such that the behavioral output is altered. In addition, our experiments underline the fact that the pattern of recruitment of neurons during behaviors is heavily dependent on the neuromodulatory context. Recent advances in microscopy and the development of novel neuronal activity sensors have allowed us to map neuronal circuits that are active during a variety of behaviors. Our study serves as a reminder that such maps are a function of the neuromodulatory status of the animal.
Dopaminergic modulation of motor neuronal excitability
In zebrafish, spinal dopaminergic projections arise solely from the A11 cluster, also known as dopaminergic diencephalospinal neurons (DDNs) [27, 33] . Dopaminergic neuromodulation underlies developmental maturation of swim motor patterns [23] and in particular, the DDNs has been shown to mediate the switch from long to short swim bouts [24] . DDNs are more likely to fire bursts of action potentials during swim bouts and fire tonically during periods of rest [33] . Since burst firing could potentially lead to higher calcium influx into presynaptic terminals, more dopamine is likely to be released by bursting DDNs onto their spinal targets during periods of active locomotion. These findings lend support to our view that endogenous dopamine is capable of altering locomotor speeds in vivo in the freely moving animal.
Tyrosine hydroxylase (TH) immunoreactive fibers in the spinal cord make contact with both primary and secondary motor neurons [39] implying direct modulation of motoneuronal excitability by A11 dopaminergic neurons. We show that activation of D1-like receptors enhances the excitability of primary and secondary motor neurons, most likely by acting directly on them. Importantly, we show that both spike latency and threshold are decreased, suggestive of direct dopaminergic modulation of the transient A-type potassium conductance (IA). Indeed, dopaminergic reduction of IA leading to a decrease in first spike latency has been reported in invertebrate [40] and vertebrate [41] motor neurons. In addition in primary motor neurons, neuronal gain is increased, suggesting modulatory actions on voltage dependent conductances [42] . These results complement previous studies on mechanistic bases of speed control. The 'size principle' states that neurons are sequentially recruited as the speed increases such that the smaller, high input resistance secondary motor neurons get recruited at slow speeds and the larger, low input resistance primary motor neurons are recruited at high speeds. To match this recruitment order, gradations in endogenous rhythmicity have also been observed [38] . In addition, at higher speeds, primary motor neurons preferentially receive enhanced excitation from pre-motor interneurons to enable their recruitment [43] . In contrast, dopaminergic neuromodulation does not seem to tap into any of these previously identified mechanisms of speed regulation. Instead, the neuromodulatory regulation of speed that we identified appears to target intrinsic spike generation mechanisms directly to effect recruitment. Although we show specific modulation of intrinsic properties of motoneurons, modulation of spinal and supra-spinal pre-motor circuits cannot be ruled out.
Regulation of speed during OMR by spinal interneurons
The recruitment patterns of spinal pre-motor interneurons during OMR has thus far not been documented. Nevertheless, recruitment patterns across a range of locomotor speeds in other contexts has been reported in both larval and adult zebrafish. In adult zebrafish, premotor V2a interneurons connect preferentially to slow, intermediate or fast motor neurons forming distinct speed modules that are sequentially recruited as speed increases [8] [9] [10] . However, in larval zebrafish, premotor interneurons active at slow speeds are silenced as swim speed increases, and distinct sets of interneurons are recruited from quiescence at faster speeds [2] .
Such a phenomenon has also been reported for speed-related gait changes during limbed locomotion in mice [3] [4] [5] 44] . In our studies, the dopaminergic modulation of speed during OMR could be augmented by enhanced suppression of slow-speed interneurons and excitation of fast-speed interneurons. Selective suppression of slow-speed interneurons [45] or activation of fast-speed interneurons [46] are known to play roles in switching swim speeds. Further experiments targeting these interneuronal types should throw light on whether they are targets of dopaminergic neuromodulation.
Supraspinal circuits governing the OMR behavior
OMR relies on circuits distributed across the nervous system. Retinal input, including responses from direction-selective RGCs, arrives in arborization fields (AF) 5 and 6, which are innervated by the dendrites of pre-tectal neurons. Pretectal neurons show direction-selective tuning, respond to binocular optic flow and send long range projections to the cerebellum and the hindbrain reticular formation [47, 48] , in turn leading to the generation of the appropriate swim command in the spinal cord.
Several hindbrain neurons are activated when the fish perform OMR [50] . Among these, neurons in the nucleus of the medial longitudinal fasciculus (nMLF) are active during forward OMR and the ventromedial spinal projection neurons (vSPNs) are active during turns [49, 51] . The nMLF makes direct synaptic contacts with primary and secondary motor neurons [52] , regulates swim speed during OMR [29] and receives dense innervation from TH-positive fibers [53] .
Recently, neurons in the posterior tuberal nucleus (PTN), a sub-group of the A11 dopaminergic cluster, were identified to show large calcium transients in response to forward moving gratings in larval zebrafish [54] . The activation of PTN dopaminergic neurons was delayed by many seconds after optic flow started and lasted for several seconds after it was turned off, suggesting a slow build-up of the modulatory drive.
Further, activity in the PTN neurons was suppressed following motor bouts implying a feedback mechanism that limits the dopaminergic modulation. Projections from PTN are restricted to the hindbrain and could potentially be the source of TH-fibers projecting to nMLF. In lamprey, dopamine released from the posterior tuberculum activates reticulospinal cells to increase locomotor output through a D1 receptordependent mechanism [55] . Taken together, our results, in the context of the above studies, suggest that during OMR, dopaminergic neurons in the A11 cluster act to increase swim speed via their concomitant modulatory actions at the spinal and supraspinal levels.
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Figure legends
Methods
EXPERIMENTAL MODEL AND SUBJECT DETAILS
All experiments were approved by the institutional animal ethics committee and the institutional biosafety committee. Experiments were performed on Indian wild type zebrafish (Danio rerio) larvae between 6 and 7 days post fertilization (dpf) at room temperature (25-28 °C). Larvae have not undergone sex specification at these stages. Larvae were maintained in 14:10 light-dark cycle at 28 °C in E3 medium (composition in mM: 5 NaCl, 0.17 KCl, 0.33 CaCl2, and 0.33 MgSO4, pH 7.8).
METHOD DETAILS
Free swimming behavior assay
Zebrafish larvae swam freely in a circular arena 55 mm in diameter. A block of agarose in the centre of the arena restricted swimming in a narrower lane 20 mm in width. Videos were acquired at 120 fps using a CMOS camera (FL3-U3-13-S2M-CS, Point Grey, Richmond, USA) with IR illumination provided from below. A long pass filter (715 nm colored glass filter, Thorlabs, New Jersey, USA) was placed in front of the camera to remove the visual stimulus. Radially spinning square wave gratings were displayed on a screen underneath the arena ( Figure 1A) . Stimulus presentation was performed using Processing [56] . Acquisition of videos and tracking of larval centroid was performed using Bonsai [57] .
Average speed was calculated as total distance travelled in trial duration of 60 s. Bout start and end indices were identified from a plot of instantaneous speed vs time ( Figure 1B) . Distance travelled within a bout was calculated as bout distance and was divided by duration of respective bout to calculate bout speed. Average of these parameters across all bouts per larva was then calculated to give average bout distance and average bout speed.
Head-restrained behavior assay
Larvae were embedded in 1.5% low gelling agarose (Sigma-Aldrich; Missouri, USA).
E3 medium was added after the agarose had congealed. Agarose around the tail leaving pectoral fins free was removed for observing tail movements. Optomotor response was evoked by presenting black and white gratings moving with spatial period 10 mm and temporal period 10 mm/s. Visual stimulus was projected on a screen below the larva using a DLP projector (Acer C120; Acer Inc., New Taipei City, Taiwan) after reflection by a cold mirror (FM203; Thorlabs, New Jersey, USA). The arena was IR illuminated from below. Videos were acquired at 500 fps using a highspeed camera (Phantom Miro eX4; Vision research, New Jersey, USA) fitted with a zoom lens (AF Nikkor 60 mm f/2.8D, Nikon, Tokyo, Japan) and infrared pass filter (768 nm, Pixelteq, Florida, USA). Each trial consisted of linearly drifting grating presentation for 12s. Three trials before and four trials after the drug application were performed.
Data were analyzed using custom written scripts in ImageJ, IPython [58] and MATLAB (Mathworks, Natick, USA). Videos were processed in Fiji [59] to obtain larval mid-line. A* search algorithm was used to track tail-tip position using custom written macros in ImageJ. Tail-tip position was used for extracting kinematic parameters. Analysis of kinematic variables was performed offline. Struggles were identified as vigorous body movements with large tail bends and were removed from subsequent analyses. Tracking data was segmented into swim bouts (Figure 2B , left). Amplitude was defined as the maximum (peak-to-trough) tail tip displacement in a bout. Time difference between movement onset and offset of a bout was defined as bout duration (Figure 2B, right) . These variables were extracted for individual bouts and average values across all bouts per larva were calculated. Tail beat frequency was defined as the time taken to perform a complete oscillation and was calculated using fast fourier transform. Tail bend angle was calculated using head and tail-tip coordinate. Maximum tail bend angle for each turn was extracted ( Figure   3B ) and average maximum tail bend angle per larva was calculated.
Electrophysiology
Whole-cell patch clamp recordings from motor neurons were obtained while presenting caudal-to-rostral moving gratings on a screen below the stage. Larvae were anesthetized in 0.01% MS-222 (Sigma-Aldrich; Missouri, USA) and transferred to a recording chamber. The larvae were pinned down through notochord using fine tungsten wire (California Fine Wire, CA, USA Motor neurons were targeted blind and classified as primary or secondary post hoc based on their cellular properties (Table S1 ) and responses to current injections. Primary motor neurons fired tonically whereas the dorsal secondary motor neurons showed chattering response to current injections ( Figure S1 ). for liquid junction potential which was measured to be +8 mV for the external and internal solutions mentioned above. The data were low-pass filtered at 2kHz using a Bessel filter and sampled at 20kHz at a gain of 1.
Data were analyzed using Clampfit (Molecular Devices, San Jose, USA) and MATLAB (Mathworks, Natick, USA). Clampfit was used to identify spikes and bursts.
To calculate the frequency of oscillations underlying bursts, recordings for trials where forward grating was presented, was first filtered to remove spikes and low frequency periodic depolarization. Frequency with maximum power post fast fourier transform of the filtered recording was used to estimate oscillation frequency for a trial.
To determine intrinsic firing pattern of motor neurons, 200 ms long depolarizing current pulses in the range (25-400 pA, step size 25 pA) were applied in absence of visual stimulus presentation. First spike latency was defined as the time between onset of the current step and the peak of the first spike. Spike threshold was defined for the first spike at rheobase as the membrane potential where the speed of voltage change reaches 5mV/ms. Rheobase was defined as the minimum current required to elicit an action potential. Input resistance was calculated by injecting 200 ms long hyperpolarizing pulses (-100pA to -25 pA).
Drugs
Drug concentrations for each experiment was determined in pilot experiments (data not shown). Drugs were dissolved in E3 for behavioral experiments and in external solution for electrophysiological experiments. [58] https://ipython.org;
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RRID:SCR_002285 nlme package in R [60] https://CRAN.Rproject.org/package=nlme. 
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